Epidemiological studies have suggested that consumption of long-chain n-3 PUFA protects against CHD and may lower risk of CHD mortality by approximately 40 % (1 -3) . Intervention studies on secondary prevention also indicate protective effects of fish oil consumption on total cardiac events and a decrease in sudden death at a relatively low level of fish oil intake (i.e. 1 g/d) (4) . Long-chain n-3 PUFA are found in high concentrations in oily fish and the oils derived from them. The mechanisms through which long-chain n-3 PUFA affect CVD are not fully understood but include a decrease in fasting and postprandial TAG, a decrease in arrhythmias, modulation of platelet aggregation, decreased synthesis of pro-inflammatory agents and increased atherosclerotic plaque stability (5, 6) . These favourable effects could be attributed to the longchain n-3 PUFA EPA, the main long-chain n-3 PUFA in fish oil. However, controlled studies in human subjects now demonstrate that the long-chain n-3 PUFA DHA has equally important anti-arrhythmic, anti-thrombotic and anti-atherogenic effects, although it is often present in lower amounts in oily fish and fish oil supplements (7, 8) . Preliminary data indicate that dietary fish oil may also affect levels of the enzyme soluble epoxide hydrolase (sEH) (9) . Regulation of this enzyme could affect the availability and metabolism of epoxyeicosatrienoic acids (EET). EET are synthesised from the oxygenation of arachidonic acid by cytochrome P450 NADPH-dependent epoxygenases; there are four regio-isomers of EET: 5,6-, 8,9-, 11,12-and 14,15-EET (10) . EET possess a number of properties associated with cardiovascular health. For example, EET inhibit expression of adhesion molecules (vascular cell adhesion molecule-1, intercellular adhesion molecule-1 and E-selectin) through an NF-kB-related mechanism (11) . Additionally, EET are potential candidates for endothelium-derived hyperpolarising factors producing vasorelaxation and lower blood pressure (12, 13) . Also, EET play an important role in maintaining fibrinolytic stability in blood vessels (14) . sEH is responsible for the hydrolysis of the bioactive EET to the less biologically active dihydroxyeicosatrienoic acids (15) . Therefore, regulation of sEH by fish oil could affect EET levels, thereby affecting inflammation, vasorelaxation, blood pressure, fibrinolytic stability, and eventually atherosclerosis development. Such effects may be mediated through EPA, DHA or both. In the present study, we investigated the in vivo effects of dietary DHA or fish oil (EPA plus DHA) on hepatic sEH gene expression and protein levels in Apoe 2/2 mice with time. In addition, we also assessed the effects of DHA and fish oil on atherosclerotic plaque size and on the hepatic proteome to elucidate potential mechanisms of action that may be, directly or indirectly, related to the development of atherosclerosis. Proteomics have revealed differential regulation of catalase and peroxiredoxin 3, which are proteins with an important role in oxidative stress and atherogenesis that may be regulated via the forkhead box transcription factor (FOXO3a) (16) , which in turn can be inactivated by EET (17) . Therefore, we also determined hepatic gene expression of FOXO3a, as well as relative protein levels of hepatic superoxide dismutase and catalase in the present study.
Materials and methods
The study protocol was approved by the Ethical Review Committee of Animal Studies at the Rowett Research Institute, and was conducted in compliance with the Animals (Scientific Procedures) Act, 1986.
Animals and diets
Seventy-five male Apoe 2/2 mice, aged 4 weeks, were caged individually under standard conditions with free access to diet and water. All mice were fed a high-fat (16 %, w/w) highcholesterol (0·25 %, w/w) diet (HFC diet; Arie Block BV, Woerden, The Netherlands) supplemented with 2 % (w/w) high-oleic acid sunflower-seed (HOSF) oil (Lipid Nutrition, Wormerveer, The Netherlands) for a run-in period of 2 weeks. The mice were then randomised to three intervention groups of twenty-five mice each that were matched for weight. Mice in the first group (control group) continued to consume the HFC diet supplemented with 2 % (w/w) HOSF oil. Mice in the second group started to consume the HFC diet supplemented with 2 % (w/w) DHA oil containing 40 % DHA and no EPA (DHA Neuromins w ; Martek, Columbia, MD, USA). Mice in the third group started to consume the HFC diet supplemented with 2 % (w/w) fish oil, containing 22 % EPA and 17 % DHA (Marinole C-38; Lipid Nutrition). Fish oil rather then EPA was used because of the unavailability of pure EPA. All intervention oils were matched for added antioxidants including vitamin E. The energy provided by DHA in the DHA group, or by EPA þ DHA in the fish oil group, was 1·6 %, which is equivalent to 3-4 g/d in humans based on metabolic intake. All three diets had a similar fat and energy content ( Table 1) . The diets were freeze-dried and stored under N 2 at 2 808C until use. Adequate portions of the diets for ad libitum intake were given to the mice every other day. Food intakes were recorded three times per week and mice were weighed twice per week. Five mice per group were killed by terminal anaesthesia with isofluorane followed by cardiac puncture to collect blood after 2 d and 1, 2, 4 and 10 weeks of dietary intervention. Livers and hearts plus the proximal part of the aorta were also collected at each time-point. Hearts and proximal aortas were flushed with sterile PBS and snap-frozen in OCTe compound using liquid N 2 . Livers were also snap-frozen in liquid N 2 . Both tissues were stored at 2 808C.
Lipid content and fatty acid composition of intervention diets and animal livers Total lipids were extracted from three samples per intervention diet. Total lipids were also extracted from the livers of three mice per group after 2 d and 10 weeks. Lipids were extracted by the Folch method (18) and converted to methyl esters using acid-catalysed transesterification with sulfuric acid (1 % in methanol) at 508C overnight. Heptadecaenoic acid (1/10th the weight of the total lipids) was used as the internal standard. Methyl esters were purified on silicic acid columns, re-dissolved in isohexane to a concentration of 5 mg/ml and analysed by GC using an Agilent 6890 GC system (Agilent Technologies UK Ltd, Stockport, UK) fitted with a flame ionisation detector. A quantity of 1 ml of sample was injected onto a split inlet (20:1 split ratio) set at 2508C at a pressure of 25 pounds per square inch (psi) and a split flow of 46·9 ml/min. The initial oven temperature was 808C, then increasing at a rate of 258C/min to 1808C, then at 18C/min to 2208C. A 30 m DB23 column (Jones Chromatography, Hengoed, Mid Glamorgan, UK) was used with He as the carrier gas. The flame ionisation detector was set at 2508C with a H 2 flow rate of 40·0 ml/min, an air flow of 450 ml/min and the make-up gas (N 2 ) was set at 45 ml/min. Total run time was 44 min. The GC was calibrated for identification of fatty acids using Supelco 37 Component FAME mix (Sigma, St Louis, MO, USA).
Proteomics analysis
Cytosolic protein homogenates were prepared from each individual animal liver as described previously (9, 19, 20) . The homogenates were separated by two-dimensional (2D) gel electrophoresis using Bio-Rad immobilised pH gradient (IPG) 24 cm strips, pH 5-8, for the separation of the proteins in the first dimension. Gels were analysed using PDQuest software (Bio-Rad, Hercules, CA, USA) as described (9, 19, 20) . Spots with densities that significantly differed between treatments were excised from the SDS-PAGE gels using a robotic Bio-Rad spot cutter. The proteins represented by these spots were trypsinised using a protocol of the Micromass MassPrep Station (Micromass Ltd, Manchester, UK) and analysed by electrospray LC-MS methods as described previously (9,19 -21) .
Western blots
Liver protein homogenates and pre-stained protein markers (Precision Plus Protein Standards; Bio-Rad) were separated by SDS-PAGE and blotted onto a polyvinylidene difluoride membrane (Immobilon Pe; Millipore, Bedford, MA, USA). Random samples from all dietary groups and time-points Table 1 . Fatty acid composition of the three diets* Fatty acid (g/100 g diet)
HOSF, high-oleic acid sunflower-seed. * The fatty acid composition of the experimental diets was analysed as described in the Materials and methods section. In addition to the fat, all diets contained 0·25 % cholesterol, 40·5 % sucrose, 10 % maize starch, 5·95 % cellulose, 20 % casein, 1 % choline chloride, 0·2 % methionine and 5·1 % mineral mixture.
were run on the same gel. Membranes were blocked using 5 % non-fat dried milk in Tris-buffered saline-Tween-20 (TBST; 15 mM-2-amino-2-hydroxymethyl-propane-1,3-diol-HCl, pH 7·6, 150 mM-NaCl and 0·005 % Tween 20) for 1 h, and then incubated with either rabbit anti-sEH polyclonal antibody (generously provided by B. Hammock) (1:10 000), or rabbit anti-NF-kBp65 and IkBa polyclonal antibodies (Santa Cruz Biotechnology, Santa Cruz, CA, USA; both 1:500), or rabbit anti-catalase polyclonal antibody (Abcam plc, Cambridge, Cambs, UK) (1:1000), or rabbit anti-mitochondrial superoxide dismutase polyclonal antibody (Abcam plc) (1:5000), or rabbit anti-peroxiredoxin 3 (1:10 000; LabFrontier Ltd, Seoul, South Korea) for 1 h. Subsequently, membranes were incubated with goat anti-rabbit antibody conjugated to horseradish peroxidase (1:20 000) for 30 min. Membranes were washed with TBST and antibody labelling was detected by enhanced chemiluminescence. Band intensity was measured densitometrically using AIDA image analysis software (Raytek Scientific Ltd, Sheffield, UK).
To validate the identity of sEH and peroxiredoxin 3 proteins on the 2D gel, four 2D gels of a hepatic protein homogenate were run as described above. Two of these gels were stained with Coomasie blue and the other two were blotted with either a rabbit anti-sEH antibody or rabbit antiperoxiredoxin 3 antibody as described above. The proteins were visualised, excised and identified using LC-MS/MS as described above.
Semi-quantitative RT-PCR
Frozen liver tissue was homogenised in QIAzole lysis reagent (1 ml/100 mg tissue) according to the manufacturer's instructions using an Ultra-Turrax homogeniser. Extracted RNA was quantified by spectrophotometric Nanodrop (ND-1000; Nyxor Biotech, Paris, France) and the quality was assessed by gel electrophoresis.
cDNA was synthesised using a Reverse-ITe 1st Strand Synthesis Kit (ABgene, Epsom, Surrey, UK) according to the manufacturer's instructions using 1 mg RNA. Secondary structure was removed by heating at 708C for 5 min, first-strand synthesis was carried out at 478C for 50 min and inactivation by Reverse-iT RTase Blend at 758C for 10 min.
Semi-quantitative RT-PCR was performed using a Taq DNA polymerase kit (Qiagen, Crawley, West Sussex, UK). The reaction mixture (23 ml) contained 2·5 ml CoralLoad PCR buffer 10 £ , 5 ml Q solution (5 £ ), 2·0 ml of dNTPs (2·5 mM each), 2·5 ml of primers (10 mM), 1·5 ml MgCl 2 (25 mM), 0·12 ml (0·6U) of Taq polymerase and 9·4 ml nuclease-free water. The mixture was then added to 2 ml of cDNA. Settings of the thermal cycler (Px2 thermal cycler; Thermo, Milford, MA, USA) were 948C for 45 s, 50-588C (depending on primers) for 45 s, and 728C for 45 s and were repeated twenty-five to thirty-five times (depending on gene). Amplified products were separated by electrophoresis in a 3 % agarose gel in TAE buffer (40 mM-2-amino-2-hydroxymethyl-propane-1,3-diol, 20 mM-acetic acid, 2 mM-EDTA). The PCR products were stained with 0·1 % ethidium bromide, photographed in a UV camera and the images were analysed using AIDA image analysis software (Raytek Scientific Ltd, Sheffield, UK). Glyceraldehyde-3-phosphate dehydrogenase mRNA levels were used to normalise the mRNA levels of the genes of interest. The gene names, primer sequences and number of cycles for each gene are shown in Table 2 . RT-PCR for sEH was performed with liver samples from all time-points whereas for FOXO3a only samples from the first (day 2) and last (week 10) time-points were used.
Measurement of atherosclerotic plaque size
A modified version of the Paigen method was used for the measurement of plaque size at the aortic root (22) . The proximal aorta was sectioned perpendicularly to the aortic axis in a direction from the aortic arch towards the centre of the heart using a cryostat (Leica CM 1850; Leica Microsystems, Nussloch, Germany). Some 8 mm sections were taken, air-dried for 1 h and rinsed briefly in 60 % isopropyl alcohol. Sections were stained with Sudan IV, counterstained with Harris haematoxylin and photographed with a digital camera (Hamamatsu colour chilled 3ccd camera; Hamamatsu Photonics UK Ltd, Welwyn Garden City, Herts, UK). Plaque area was measured by computer-assisted image analysis software (Image Pro Plus version 4.5 for Windows; Media Cybergenetics, Marlow, Bucks, UK).
Statistics
For Western blots and RT-PCR experiments, randomised samples including all dietary groups and time-points were run on the same gel to control for between-gel variation. Results were analysed using two-way ANOVA to assess 
Results

Food intake and body-weight gain
There were no differences in food intake and body-weight gain between the three groups during the intervention period (data not shown).
Hepatic lipid levels and fatty acid composition
Hepatic lipid levels and hepatic weight did not differ between the three intervention groups during the 10-week intervention period (data not shown). Consumption of the DHA-rich diet caused a very rapid (i.e. within 2 d) incorporation of DHA in the pool of hepatic fatty acids, partly at the cost of arachidonic acid. Consumption of fish oil also caused a rapid incorporation of DHA, and a slower incorporation of EPA, in the pool of hepatic fatty acids, partly at the cost of arachidonic acid. DHA was present in significantly higher concentrations than EPA at day 2 and week 10 (P,0·05; Fig. 1 ).
Hepatic proteomics, soluble epoxide hydrolase protein levels and soluble epoxide hydrolase gene expression
Proteomics analysis revealed thirty-five cytosolic proteins, which were significantly up-regulated or down-regulated by DHA or fish oil compared with the control group (Table 3) . In addition, levels of four proteins were significantly different between the DHA and fish oil groups with time. Differentially regulated proteins were identified by LC-MS/MS and categorised based on their main functions (Table 3) . Proteomics revealed, amongst other changes, that both the DHA and fish oil interventions decreased one isoform of hepatic apoA1 with time (P, 0·05). In addition, in the fish oil, but not in the DHA group, hepatic sEH protein levels were lower (P,0·05) compared with the control group with time. The lower sEH levels in the fish oil group resulted from the prevention of an increase that occurred in the DHA and the control groups rather than a decrease in hepatic levels of sEH (Table 3 , Fig. 2(a) ). Positive identification of the sEH protein on the 2D gels was confirmed by probing the 2D gel with polyclonal sEH antibody followed by excision and analysis of the positive spot from the Coomasie-stained gel by LC-MS/MS. We did not observe similar differences in hepatic sEH protein levels with time upon DHA and fish oil intervention, as compared with HOSF oil intervention, using Western blot analysis (Fig. 2(b) ). DHA and fish oil interventions, as compared with the HOSF oil intervention, did not affect hepatic sEH gene expression (Fig. 2(c) ). In addition, both fish oil and DHA down-regulated hepatic phenylalanine hydroxylase Se-binding protein 2 and glyceraldehyde-3-phosphate dehydrogenase with time, and fish oil down-regulated ketohexokinase and formyltetrahydrofolate dehydrogenase with time.
Regulation via the forkhead box transcription factor FOXO3a
Proteomic analysis revealed a decrease in hepatic peroxiredoxin 3 protein levels in time by both the fish oil and DHA interventions, compared with the HOSF oil intervention ( Table 3) . Blotting of the 2D gel with a polyclonal peroxiredoxin 3 antibody, followed by the analysis of the stained single spot by LC-MS/MS, confirmed the identity of the specific protein on the gel as peroxiredoxin 3. A previous study in cardiac fibroblasts has shown that gene expression of peroxiredoxin 3 is mediated by FOXO3a (16) , which in human umbilical vein endothelial cells is inactivated by 11,12-EET (17) . Therefore, we measured hepatic FOXO3a gene expression using semi-quantitative RT-PCR, as well as protein levels of the antioxidant enzymes catalase and superoxide dismutase using Western blot analysis. Both antioxidant enzymes are activated upon transcription of FOXO3a (16, 23, 24) . Neither hepatic gene expression of FOXO3a nor hepatic protein levels of mitochondrial superoxide dismutase and catalase were affected by fish oil or DHA intervention (data not shown).
Atherosclerotic plaque measurement
All treatment groups developed atherosclerotic plaques during the intervention period, but plaque size did not significantly differ between the DHA or fish oil intervention as compared n-3 Fatty acids and soluble epoxide hydrolasewith the HOSF oil intervention at any time point during the 10-week period (Fig. 3) . The average plaque size after 10 weeks of intervention was 927 (SEM 126), 846 (SEM 56) and 922 (SEM 113) mm 2 in the control, DHA and fish oil groups, respectively.
Discussion
The application of proteomics to hepatic tissue in a timecourse design allowed the assessment of short-term and long-term effects of treatment with DHA or fish oil, not only on sEH regulation but also on other pathways related to the development of atherosclerosis, such as lipoprotein metabolism and oxidative stress. Intervention with fish oil, but not with DHA, resulted in significantly lower protein levels of hepatic sEH, whereas intervention with both fish oil and DHA resulted in lower protein levels of hepatic apoA1 and peroxiredoxin 3 with time. Neither fish oil nor DHA affected hepatic gene expression of FOXO3a, or plaque size development as compared with HOSF oil during the 10-week intervention period. Intervention with either DHA or fish oil resulted in a rapid incorporation of the dietary fatty acids in the hepatic lipid pool (Fig. 1) . However, the relatively higher levels of DHA incorporation, as compared with EPA incorporation, in the fish oil group after 2 d of intervention, despite EPA being present in higher amounts than DHA in the diet (Table 1) , suggests a faster initial incorporation of DHA at the cost of arachidonic acid. In the long term (i.e. after 10 weeks of intervention), however, the relative amounts of DHA and EPA in the fish oil group were more similar to the actual intake (Fig. 1) .
After 2 d and 10 weeks of intervention with DHA, as compared with HOSF oil, a small increase in hepatic EPA incorporation was apparent, despite the lack of EPA in the DHA (and HOSF oil) diet. This may indicate retroconversion of EPA from DHA in the liver. This retroconversion occurs especially in EPA-depleted conditions (25) such as those present in the DHA (and HOSF oil) group. The lower levels of EPA could be also explained by the higher EPA requirement for production of eicosanoids, a process in which DHA is not substantially involved (26) , the larger oxidation of EPA in contrast to that of DHA (27) and the elongation of EPA to docosapentaenoic acid (28) . A higher content of hepatic DHA compared with EPA upon fish oil supplementation also occurs in rats (29, 30) and human subjects (29, 31) . Despite the obvious changes in hepatic fatty acid composition, we did not observe any changes in liver weight or in the total amount of hepatic fat caused by the DHA or fish oil diets during the 10-week intervention period. Previously, we and others observed a decrease in liver weight as well as a decrease in hepatic fat or hepatic TAG upon intervention with fish oil, albeit at higher doses (60 % energy and 3 % (w/w)) (9, 32) . A decrease in hepatic fat content may thus only occur upon intervention with relatively high doses of fish oil.
The effects of dietary fish oil on sEH protein levels in the liver appear to have a time-dependent pattern. In one of our previous studies, 3 % (w/w) dietary fish oil increased sEH protein after 3 weeks of intervention in apo E*3-Leiden transgenic mice (9) . However, 3 % (w/w) dietary fish oil decreased hepatic levels of sEH protein in Apoe 2/2 mice after 10 weeks of intervention compared with HOSF oil (B. de Roos, unpublished results), and 2 % (w/w) dietary fish oil resulted in lower levels of hepatic sEH levels in Apoe 2/2 mice with time compared with HOSF oil in the present study, as determined by proteomic analysis of hepatic protein homogenates (P,0·05; Fig. 2(a) and Table 3 ). These findings indicate that fish oil up-regulates hepatic sEH protein in the short term, but prevents the up-regulation of sEH as observed after intervention with DHA or HOSF oil upon long-term dietary exposure. The differential effects observed between the fish oil and the DHA groups, combined with the fact that in the DHA and fish oil groups hepatic DHA levels n-3 Fatty acids and soluble epoxide hydrolasewere relatively similar after 10 weeks, suggest that the regulatory effects of fish oil on hepatic sEH levels may be due to EPA alone. The reason for a time-dependent regulation of EPA on hepatic sEH protein levels is unclear, but may involve the slower incorporation of EPA in the liver as compared with DHA. Indeed, the proportion of EPA in the hepatic lipid component was almost four times higher in the long term (after 10 weeks of intervention) than in the short term (after 2 d of intervention) upon intervention with fish oil. In addition, the effects seem to be stronger with the higher doses of fish oil we used in previous studies (3 %, w/w) (9) (B. de Roos, unpublished results) compared with a dose of 2 % (w/w) that was used in the present study. Furthermore, analysis of hepatic sEH protein levels at different points in time revealed a considerable rise in hepatic sEH levels in all three groups after 2 weeks of intervention ( Fig. 2(a) ). This trend may be partially explained by the ageing effect on sEH activity. Indeed, a previous study has reported significant increasing effects of ageing on sEH activity within a period of 4 weeks as well as a correlation between sEH activity and protein levels (33) . Proteomics analysis was able to detect changes in hepatic sEH protein levels, which Western blot analysis did not upon DHA or fish oil intervention. The apparent lack of differences in the Western blots may be explained by the fact that during Western blotting, proteins of low abundance co-migrate on the gel with more abundant proteins, which could limit the relative binding of low-abundant proteins due to a finite binding capacity to the membrane. The true amount of the low-abundant proteins is then not being reflected in the immunostaining experiment. Proteomics indeed offers the technological advantage that proteins are separated and identified both on the basis of their iso-electrophoretic and their molecular size properties, and most compelling the MS sequencing data. Expression of the sEH gene in the liver was unaffected by the longchain n-3 PUFA intervention in time. However, sEH appears to be constitutively expressed and regulation probably occurs at the post-transcriptional level (34) . Intervention with DHA or fish oil caused differential regulation of hepatic proteins with time as assessed by proteomics (Table 3) . For example, intervention with DHA caused both up-and down-regulation of different proteins with time. On the other hand, intervention with fish oil caused a general down-regulation of some proteins especially in the first week of the intervention (Table 3) . Such a concerted downregulation of proteins upon fish oil intervention has also occurred in a previous study (9) . It is likely that the dynamic nature of some metabolic pathways and homeostatic mechanisms alter the effects that an intervention may have on protein levels, indicating that length of time plays a pivotal role. Therefore, effects of long-chain n-3 PUFA on hepatic protein levels identified in the short term may not be representative of the longer-term effects, emphasising the advantage of a time-course design to elucidate effects of nutritional interventions.
Both DHA and fish oil interventions caused a downregulation of hepatic apoA1 with time ( Table 3 ), suggesting that both DHA and EPA are equally active in the regulation of this protein. Fish oil intervention significantly decreased levels of one positional variant of serum apoA1, the major protein component of HDL, decreased the amount of the smaller HDL 3a and HDL 3b particles, and increased amounts of the larger, more cholesterol-rich HDL 2a particles (21) . Increased HDL particle size is thought to serve as a marker for more efficient reverse cholesterol transport and lower CHD risk in humans (35) . The fact that fish oil supplementation only appears to affect protein levels of one positional variant of apoA1, whereas levels of other positional variants of apoA1 remain unaffected in the present and another study (21) , may explain why fish oil supplementation may not necessarily change overall serum levels of apoA1 (21,36 -38) . Both dietary DHA and fish oil caused a down-regulation of hepatic peroxiredoxin 3 with time (Table 3) . Peroxiredoxin 3 is involved in elimination of peroxides generated during metabolism and may also moderate the signalling cascade of growth factors and TNF-a by regulating the intracellular concentrations of H 2 O 2 (39) . Oxidative stress is strongly associated with atherogenesis by inducing inflammatory mediators (for example, cytokines and adhesion molecules) through activation of NF-kB (40) ; therefore, down-regulation of peroxiredoxin 3 by both DHA and fish oil may indicate lower levels of ongoing inflammatory processes in the long-chain n-3 PUFA groups. In human cardiac fibroblasts, peroxiredoxin 3 gene expression was found to be mediated by the forkhead box transcription factor FOXO3a (16) , which in human umbilical vein endothelial cells is inactivated by 11,12-EET (17) . Therefore, dietary fish oil may inhibit sEH leading to increased availability of EET, which in turn could inactivate FOXO3a, resulting in lower levels of peroxiredoxin 3. Such regulation may represent a novel pathway in which dietary fish oil inhibits the inflammatory response. There is down-regulation of sEH protein levels in the liver of a mouse model with a disrupted IL-1 receptor (this compromises macrophage function and innate immune response) compared with C57Bl/6J on a high-fat diet (41) , supporting the hypothesis that sEH protein levels and the inflammatory response are related. However, in the present study, hepatic gene expression of FOXO3a was unaffected by DHA or fish oil, as were hepatic protein levels of the antioxidant enzymes mitochondrial superoxide dismutase and catalase, which can also be regulated via FOXO3a (23, 42) . This suggests that the decrease in peroxiredoxin 3 by the fish oil and DHA interventions, as compared with the HOSF oil intervention, is independent of FOXO3a gene expression. However, gene expression of FOXO3a may be unrelated to its activity, which was found to be affected by EET (17) . EET have been shown to inhibit vascular smooth muscle migration, decrease inflammation, inhibit platelet aggregation and decrease adhesion molecule expression, therefore representing an endogenous protective mechanism against atherosclerosis (43) . If fish oil or EPA were to affect levels of EET via modulation of sEH, they may subsequently affect the development of atherosclerosis. However, in the present study both DHA and fish oil did not differentially affect atherosclerotic plaque size development in the aortic root as compared with HOSF oil during 10 weeks of intervention (Fig. 3) . Our findings are in agreement with previous studies using 1 % fish oil (44, 45) . Much higher doses of dietary fish oil, i.e. 5 and 20 % (w/w), or 5 % EPS, however, cause a small decrease in atherosclerosis development in these animal models (46 -48) . However, these doses are very high and results from studies using more physiological doses of fish oil or EPA suggest that these fatty acids may not affect plaque size per se, but may affect the infiltration of inflammatory cells into plaques, thereby increasing plaque stability (6) . In conclusion, both DHA and fish oil decreased hepatic protein levels of apoA1 and peroxiredoxin 3 with time, indicating that both treatments could beneficially affect lipoprotein metabolism and oxidative stress. This effect did not appear to be mediated by the transcription factor FOXO3a. Furthermore, intervention with DHA or fish oil resulted in a time-dependent regulation of the hepatic enzyme sEH. Especially after 4 weeks of intervention, fish oil but not DHA lowered protein levels of hepatic sEH compared with the HOSF oil control group. The lower levels of sEH in the fish oil group resulted from the prevention of an increase that occurred in the DHA and the HOSF oil control groups rather than a decrease in hepatic protein levels of sEH. The differential effects observed between the DHA and fish oil interventions suggest that EPA may be responsible for this effect. Lower levels of hepatic sEH protein could lead to locally increased levels of EET, which are associated with a decreased inflammatory response. Intervention with DHA or fish oil did not result in a decrease in plaque size development. However, modulation of hepatic sEH protein levels by fish oil may still be linked to other factors, such as infiltration of inflammatory cells into the atherosclerotic plaque contributing to plaque stabilisation.
